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The present study examined the relationship between subthreshold depressive symptoms 
and gray matter volume in subregions of the posterior cerebellum in middle-aged to older adults. 
Structural magnetic resonance imaging data from 38 adults aged 51 to 80 years were analyzed 
along with participants’ responses to the Center for Epidemiologic Studies Depression Scale. 
Subscale scores for depressed mood, somatic symptoms, and lack of positive affect were 
calculated, and multiple regression analyses were used to examine the relationship between 
symptom dimensions and cerebellar volumes. Greater somatic symptoms of depression were 
significantly related to larger vermis VI volumes, as were total depressive scores. Exploratory 
analyses revealed that greater severity on the lack of positive affect subscale was related to larger 
vermis VIII volumes. These results support that depressive symptom profiles have unique 
relationships within the cerebellum that may be important as the field moves towards targeted 
treatment approaches for depression. 
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1 INTRODUCTION  
1.1 Overview 
According to the World Health Organization, more than 300 million people suffer from 
depression globally ("World Health Organization: Depression," 2017).  This statistic is 
staggering, and yet it does not include the vast number of individuals who are impaired by 
depressive symptoms yet fail to meet clinical criteria for major depression, which is known as 
“subthreshold depression” (SubD). Given the psychology field’s diagnosis-driven approach to 
research in the past, there is no good estimate of the number of individuals experiencing 
subclinical symptoms of mental illness (Cuthbert, 2014).  However, due in part to the Research 
Domain Criteria (RDoC), a relatively new research framework from the National Institute of 
Mental Health, the literature now supports that depression, as an illness, is best thought of as a 
continuum of symptoms rather than as a discrete diagnosis (Adams & Moon, 2009; Hybels, 
Blazer, & Pieper, 2001; Lee, Hasche, Choi, Proctor, & Morrow-Howell, 2013; Meeks, Vahia, 
Lavretsky, Kulkarni, & Jeste, 2011). This approach has opened the door for additional research 
on subthreshold symptoms of mental illness.  
With RDoC has come a research focus on dimensions of behavior in psychological 
disorders (Insel, Cuthbert, Garvey, Heinssen, & Pine, 2010), which encourages researchers to 
examine symptom profiles within mental illness in an effort to better understand the 
heterogeneous etiology of these disorders. Depression in older adults has already been linked to a 
variety of structural brain changes (Naismith, Norrie, Mowszowski, & Hickie, 2012), yet the 
diversity of symptoms and clinical outcomes experienced by these individuals indicates a need 
for more research regarding the neurobiological basis of depressive symptoms. In order to 
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address this need, the current study seeks to evaluate the relationship between symptom 
dimensions of depression and cerebellar volumes in a population of older adults.  
1.2 Subthreshold Depression in Older Adults 
At least 10-13.8% of all older adults are estimated to experience SubD (Laborde-Lahoz et 
al., 2015; Meeks et al., 2011), with some estimates as high as 35% (Blazer, 2003). This 
significant proportion of older adults with SubD represents a particularly vulnerable population. 
Research indicates that while SubD causes significant functional impairment in adults of all ages, 
older adults with SubD show significantly worse functional impairment compared to their 
healthy, age-matched peers (Karsten, Penninx, Verboom, Nolen, & Hartman, 2013). 
Additionally, older adults with SubD have an increased risk of mortality equivalent to those with 
Major Depressive Disorder (MDD) when compared to non-depressed older adults (Cuijpers et 
al., 2013). Those who receive a diagnosis of SubD also have twice the incidence rate of 
developing MDD as those without a SubD diagnosis (Jeuring, Huisman, Comijs, Stek, & 
Beekman, 2016). Older adults who go on to develop MDD utilize greater outpatient services 
compared to non-depressed older adults (Huang et al., 2014) in addition to having higher rates of 
falls (Stubbs, Stubbs, Gnanaraj, & Soundy, 2016) and both vascular and Alzheimer’s dementia 
(Diniz, Butters, Albert, Dew, & Reynolds, 2013; Geerlings & Heijer, 2008). 
As the field stands, treatment of both clinical and subclinical depression in older adults is 
lacking. While approximately 13.7% of adults aged 55 years and older experience MDD and an 
additional 13.8% experience SubD in late life (Laborde-Lahoz et al., 2015), almost two-thirds of 
depressed older adults remain untreated (Kales & Valenstein, 2002). Additionally, half of all 
older adults with depression do not respond to first-time pharmacotherapy (Joel et al., 2014), and 
these individuals with persistent depression are more likely to experience cognitive deficits as 
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they age (Singh-Manoux, Akbaraly, & Marmot, 2010). Despite our knowledge of the negative 
impact that SubD has on aging adults, there is a critical gap in the literature when it comes to 
understanding the etiology of the heterogeneous symptoms that comprise depression.  
1.3 Depression: A Complex Illness 
Depression is an illness with multiple underlying symptom dimensions (Lux & Kendler, 
2010), which makes it particularly challenging to study. While many depressed individuals 
experience mainly sad mood, crying spells, and feelings of worthlessness or failure, others can 
present with primarily somatic symptoms such as fatigue or insomnia, increased or decreased 
appetite, or difficulty getting “going”  (American Psychiatric Association, 2013). Still others 
experience a lack of positive affect, that is, symptoms related to the inability to experience 
pleasure or other positive emotions in the same way that they did in the past. Older adults are 
more likely than younger adults to present with these symptoms of anhedonia (Wuthrich, Johnco, 
& Wetherell, 2015), and there is some evidence that they are more likely to endorse somatic 
symptoms such as sleep disturbance, fatigue, and psychomotor retardation (Fiske, Wetherell, & 
Gatz, 2009). Given the heterogeneity of this illness, examining the sum of symptoms that a 
person is experiencing can obscure subtle connections between particular depressive symptoms 
and changes in the brain.  
A factor analysis of multiple depression scales by Dunlop, Cole, Nemeroff, Mayberg, and 
Craighead (2018) illustrates the complex symptomology of this disorder. Using data from 306 
medication-naïve individuals assigned to cognitive behavioral therapy, escitalopram, or 
duloxetine treatment groups, four symptom factors emerged from their analyses: despair, mood 
and interest, sleep, and appetite. These analyses revealed that while participants had similar 
improvement in symptoms at the end of the treatment trials, symptom type had an effect on how 
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quickly participants benefited from each treatment (Dunlop et al., 2018). This illustrates the 
importance of examining symptom dimensions when studying depression, given the multiple 
factors underlying this singular diagnosis and their potential relationship with treatment outcome. 
Using this approach, research utilizing subscales of depression measures has revealed that 
depressive symptom dimensions are uniquely related to changes in the brain (O'Shea et al., 2018; 
Pizzagalli et al., 2004). A study by McLaren et al. (2016) illustrated this with the finding that the 
depressed mood and somatic symptom subscales of the Center for Epidemiologic Studies 
Depression Scale (CES-D) had opposite relationships with posterior cingulate volumes among a 
group of older adults. Specifically, higher scores on the depressed mood subscale were 
significantly related to larger left posterior cingulate volumes, whereas higher somatic symptom 
scores were significantly associated with smaller volumes in this region. The study also found 
that higher scores on the lack of positive affect subscale were associated with larger volumes of 
the anterior cingulate, and higher scores on the depressed mood subscale were associated with 
smaller volumes in the isthmus cingulate. 
 In another study among middle-aged and older adults, elevated levels of somatic 
symptoms of depression were related to decreased cortical thickness of the precuneus, while 
depressed mood and lack of positive affect were not related to precuneus thickness (Szymkowicz 
et al., 2017). Additionally, Lener et al. (2016) found that sadness, worry, and fatigue were 
significantly correlated with low cortical thickness in the ventrolateral prefrontal cortex among 
depressed individuals, indicating yet again that symptom dimensions are associated with distinct 
etiologies. Symptom dimensions have also been linked to unique profiles of cognitive deficits 
among older adults (Brailean et al., 2016), and have been shown to predict treatment outcomes in 
individuals with MDD (Vrieze et al., 2014). Thus, in order to most accurately examine the 
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relationship between depression and changes in the brain, it is necessary to conduct this research 
through the lens of symptom dimensions. 
1.4 Subthreshold Depression and Structural Brain Abnormalities 
Dysregulation of the frontolimbic network is a hallmark of depression in both young and 
older adults (Kaiser, Andrews-Hanna, Wager, & Pizzagalli, 2015; Tadayonnejad & Ajilore, 
2014). The frontolimbic network includes the amygdala, subgenual anterior cingulate cortex, 
hypothalamus, orbitofrontal cortex, and nucleus accumbens. Together, these brain structures 
function primarily to process emotion and maintain emotional stability (Palazidou, 2012). In 
adults with late-life depression, however, this entire system is marked by disrupted functional 
connectivity (Alexopoulos et al., 2013a; Fujimoto et al., 2008). Distinct structural abnormalities 
among components of this network are also well-described. For example, in the amygdala, 
abnormal shape (Tamburo et al., 2009) and reduced volume (Egger et al., 2008; Hickie et al., 
2007) of this structure, as well as network dysfunction (H. Li et al., 2015) has been identified 
among depressed older adults. The uncinate fasciculus, an important white matter tract that 
connects limbic structures such as the amygdala and hippocampus to the prefrontal cortex, is also 
often disrupted in those with late-life depression (Steffens, Taylor, Denny, Bergman, & Wang, 
2011). Additionally, reduced volumes in prefrontal regions, such as the orbitofrontal cortex 
(Taylor et al., 2003) and hippocampus (Naismith et al., 2012) have been observed.  
SubD symptoms are related to similar frontolimbic abnormalities in older individuals, 
even without meeting the clinical criteria for a major depressive episode. This has been 
documented in studies that use criteria for so-called “minor depression” as well as those that 
examine depressive symptoms as a continuous measure based on questionnaire scores. For 
example, older adults with SubD have smaller right parahippocampal volumes compared with 
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age-matched controls (Zhou et al., 2016), whereas cortical thickness in the isthmus cingulate and 
middle frontal gyrus has been positively associated with the number of depressive symptoms in 
this population (Szymkowicz et al., 2016). Additionally, bilateral reductions in prefrontal cortex 
gray matter volume have been demonstrated in a sample of older males with SubD (Taki, 
Kinomura, Awata, & Inoue, 2005). Compromised frontal lobe integrity was also observed in a 
longitudinal study of older adults, in which the severity of SubD symptoms was found to be 
associated with more rapid white matter volume loss in the left frontal region (Dotson, 
Davatzikos, Kraut, & Resnick, 2009), as well as gray matter volume reductions in the frontal and 
temporal lobes (Dotson, Davatzikos, et al., 2009; Kumar, Jin, Bilker, Udupa, & Gottlieb, 1998; 
Kumar et al., 1997). A relationship between SubD and changes in white matter microstructure 
has also been observed among older adults in a pattern similar to the white matter changes in 
adults with MDD (Allan et al., 2016). 
Functional imaging studies support these findings as well. Researchers have identified 
higher resting-state connectivity in the anterior cingulate cortex for those with SubD, similar to 
what is seen in patients in remission from MDD (R. Li, Ma, Yu, He, & Li, 2014), as well as 
decreased cerebral blood flow in the frontal regions of the brain (Dotson, Beason-Held, Kraut, & 
Resnick, 2009; McLaren et al., 2016). Additionally, Hwang, Xin, Ou, Zhang, and Liang (2016), 
illustrated elevated functional connectivity between the default mode network and ventral 
striatum in individuals with SubD, perhaps indicating a compensatory response to the disrupted 
reward system often seen in individuals with depression. Overall, SubD appears to be related to 
both structural and functional abnormalities in the brain in ways quite similar to the deficits 
observed in MDD.  
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1.5 The Limbic Cerebellum 
The cerebellum is not a brain region typically studied in depression; however, researchers 
have demonstrated that it is involved in emotion processing (Stoodley & Schmahmann, 2009, 
2010) in addition to its well-known role in motor coordination. Given that the cerebellum has 
widespread connections to both the cortex and limbic system, it is no surprise that it plays a role 
in emotion processing. The cerebellum is designed such that there are multiple closed-loop 
cerebellar circuits that exist in parallel (Strick, Dum, & Fiez, 2009), and a large part of the 
cerebellum is linked to the association cortex. In fact, almost half the cerebellum targets the 
cognitive control and default mode networks (Buckner, Krienen, Castellanos, Diaz, & Yeo, 
2011). For example, lobule VII accounts for approximately 48% of the cerebellar cortex 
(Diedrichsen, Balsters, Flavell, Cussans, & Ramnani, 2009) and has major connections to the 
parietal and prefrontal cortices (Kelly & Strick, 2003), illustrating that it is not solely relevant for 
motor activity (Stoodley & Schmahmann, 2018). 
Additionally, Habas et al. (2009) have provided evidence that distinct regions of the 
cerebellum participate in two major networks involved in depression, both the default mode 
(lobule IX) and salience networks (lobule VI), in a way that is separate from the sensorimotor 
functions of the cerebellum. Drawing conclusions from the literature and their findings regarding 
cerebellar participation in intrinsic connectivity networks, Habas et al. (2009) propose that the 
vermis of lobule VI could play a modulatory role in the salience network, perhaps representing a 
“phylogenetically older cerebellar emotional processor” (pp. 9) in conjunction with other areas 
of the posterior vermis. In further support of the affective role of the cerebellum, vermal regions 
of areas VIIB, VIII, and IX have been found to have connections with the amygdala (Leggio & 
Olivito, 2018; Sang et al., 2012), and a “cerebello-amygdaloid” network has been suggested 
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(Habas, 2018). Other research has found distinct patterns of activity in the cerebellum in 
response to primary emotions, and found that all five primary emotions tested evoked activity in 
the vermis (Baumann & Mattingley, 2012). 
Additional evidence for the “limbic cerebellum” (Schmahmann, 1991) comes from 
studies of cerebellar lesions in which individuals develop what is known as Cerebellar Cognitive 
Affective Syndrome (CCAS), a syndrome that is often marked by emotional lability (such as 
uncontrollable laughter or tearfulness) and changes in affect (Schmahmann & Sherman, 1997, 
1998; Schmahmann, Weilburg, & Sherman, 2007). These disruptions to emotion and behavior 
are most notable in CCAS patients with injury to the cerebellar vermis and paravermal regions in 
particular (Schmahmann et al., 2007).  
Furthermore, the cerebellar vermis has been activated in functional imaging studies 
investigating panic (Reiman et al., 1989), sadness and grief (Beauregard et al., 1998; Gündel, 
O'Connor, Littrell, Fort, & Lane, 2003; Lane et al., 1997), which provides additional support for 
its role in processing emotions. At a more basic level, the activation of hemispheral lobule VI 
and vermal lobule VII have been consistent across studies of emotionally salient stimuli 
(Depping, Schmitgen, Kubera, & Wolf, 2018; Stoodley & Schmahmann, 2009). The left crus I 
region of the cerebellum has also been activated during these emotion processing tasks (Stoodley 
& Schmahmann, 2009). Negative emotional faces have been found to activate lobules VIII and 
IX in the vermis, thus influencing researchers to hypothesize that the cerebellum has greater 
involvement in the control of negative compared to positive emotions (Schraa-Tam et al., 2012). 
Thus, the posterior cerebellum, and in particular the vermal region of the posterior cerebellum, 
appears to have the greatest involvement in emotion processing.   
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1.6 The Cerebellum and Depression 
In an expansion of the cerebellum’s known role as a modulator of emotion processing, 
previous research also demonstrated that the cerebellum plays a role in many psychiatric 
disorders such as autism, attention-deficit/hyperactivity disorder, schizophrenia, and post-
traumatic stress disorder, as well as other anxiety and mood disorders (J. R. Phillips, Hewedi, 
Eissa, & Moustafa, 2015; Shakiba, 2014). Regarding depression specifically, individuals 
experiencing an acute episode of MDD were shown to have increased volume in left cerebellar 
area IX, while remitted participants had bilaterally increased volumes in this area (Depping et al., 
2016). This has led to the suggestion that area IX of the cerebellum may be a potential trait 
marker for MDD (Depping et al., 2016).  
Structural imaging studies have also provided evidence that depressive symptoms are 
related to smaller vermis volumes (Shah et al., 1992) as well as smaller overall cerebellar 
volumes (Escalona et al., 1993). Additionally, in depressed non-responders to fluoxetine 
treatment, depression severity was associated with smaller total cerebellar gray matter volume 
(Pillay et al., 1997). Volume reductions in the posterior crus I region were also observed in 
adults with MDD in comparison to healthy, age-matched controls (Grieve, Korgaonkar, Koslow, 
Gordon, & Williams, 2013). Structural imaging studies of the cerebellum in late-life depression 
are lacking, but a functional imaging study suggested that vermis-posterior cingulate cortex 
connectivity is positively associated with depression severity in a geriatric population (Alalade, 
Denny, Potter, Steffens, & Wang, 2011). These studies generally implicate posterior regions of 
the cerebellum, particularly the vermis (see Table 1; for a review of the cerebellum's 
contributions to MDD, see Depping et al., 2018). It should also be noted that both increases and 
decreases in cerebellar volume have been observed in depression. 
10 
 
Table 1.1 Cerebellar Subregions in Relation to Affect and Depression 
 
Cerebellar 
Subregion 
Relationship with Affect and Depression 
Vermis  Activated in functional imaging studies investigating panic (Reiman et al., 1989), 
sadness and grief (Beauregard et al., 1998; Gündel et al., 2003; Lane et al., 1997)  
 Patients with depression had smaller vermis volumes than healthy controls (Shah 
et al., 1992) 
 Patients with treatment-resistant depression had smaller vermis volumes than 
controls (Machino et al., 2014)  
 Posterior vermis was activated when processing one’s own painful experience 
(Singer et al., 2004) 
 Children with extensive vermal damage experience emotional dysregulation, 
while children without vermal damage did not (Levisohn, Cronin-Golomb, & 
Schmahmann, 2000)  
Vermal 
Lobule VI 
 Active across emotionally salient stimuli (Stoodley & Schmahmann, 2009) 
 Bilateral activation during empathy for another’s pain (Singer et al., 2004) 
Vermal 
Lobule VII 
 Emotion processing (Stoodley & Schmahmann, 2009) 
 Decreased gray matter volume in a sample with MDD vs. controls (Grieve et al., 
2013) 
Vermal 
Lobule VIII 
 Activated by negative emotional faces (Schraa-Tam et al., 2012)  
Vermal 
Lobule IX 
 Participants with acute MDD had increased volume in left vermal lobule IX 
(Depping et al., 2016) 
 Participants with remitted MDD had bilaterally increased volume in lobule IX 
(Depping et al., 2016) 
Vermal Crus 
I 
 Emotion processing (Stoodley & Schmahmann, 2009) 
 Participants with treatment-resistant depression had decreased volumes of the 
right Crus I compared to controls (Machino et al., 2014) 
 Volume reduction in MDD patients vs controls (Grieve et al., 2013)  
 
Given the proposed modulatory nature of the posterior “limbic” cerebellum, more 
research is needed to understand the role that it plays in depression. Specifically, a study of 
cerebellar volumes in an older adult population suffering from SubD has yet to be conducted.  
1.7 The Present Study 
The current climate of mental health research supports a dimensional view of 
psychological disorders. Psychological disorders as defined by the DSM-5 tend to have within-
group heterogeneity as well as substantial overlap between disorders, providing evidence that 
mental illness is better studied using a dimensional approach (Grisanzio et al., 2018). This 
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approach to viewing symptoms on a continuum is supported by research indicating that SubD 
symptoms, while not meeting full diagnostic criteria for MDD, do cause suffering and 
impairment (Chopra et al., 2005; Meeks et al., 2011). Thus, it is imperative for research to 
explore the neurobiology of sub-syndromal mood disorders to understand their commonality and 
inform future treatments. 
 Additionally, given the vulnerability of the aging brain, it is essential to understand how 
SubD symptoms are related to brain changes in adults in later life. This proposal would be the 
first to perform a volumetric analysis of the cerebellum in a population of late middle-aged and 
older adults with SubD. In addition, studies to date have focused on the relationship between 
cerebellar volume and total depressive symptoms, therefore it is not clear whether symptom 
dimensions have unique relationships with individual areas of the cerebellum. Much remains to 
be learned about the cerebellum’s role in mood disorders, therefore this project will add to the 
literature on a mood-focused exploration of the cerebellum. Identifying symptom dimension-
related abnormalities in the cerebellum may inform diagnostic markers of depression in an older 
adult population and may serve as an indicator of which older adults are more vulnerable to 
developing MDD. This study will also contribute to the growing movement towards examining 
depression from a dimensional standpoint.  
1.8 Aims of the Proposed Study 
1.8.1 Specific Aim 1  
The first major goal of the present study was to assess whether the total severity of 
depressive symptoms in older adults is associated with cerebellar subregion volumes. A self-
report depression measure was used to identify SubD symptoms in relation to subregions of the 
vermis. Vermal regions VI and VII of the cerebellum have been the posterior cerebellar regions 
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most consistently involved in emotion  processing studies to date (Depping et al., 2018; Stoodley 
& Schmahmann, 2010),  thus the current study will examine these regions in relation to SubD 
symptoms. 
1.8.1.1 Hypothesis 1 
Given past structural research identifying smaller vermal and posterior cerebellar region 
volumes in individuals with depression, we hypothesized that overall symptom severity would be 
negatively associated with the gray matter volumes of vermal regions VI and VII.  
1.8.2 Specific Aim 2 
The second major goal of the present study was to assess whether symptom dimensions 
of SubD have distinct associations with subregions in the posterior cerebellum.  
1.8.2.1 Hypothesis 2 
We expected to find distinct relationships between specific cerebellar subregions and 
depressive symptom dimensions. Specifically, given the literature implicating these regions’ 
involvement in emotion processing, we hypothesized that symptom dimensions would 
disparately predict the structural volumes of vermal regions VI and VII. Given the paucity of 
structural imaging studies regarding symptom dimensions and these subregions, however, we did 
not have a specific hypothesis about the direction of the relationship between these variables.  
1.8.3 Exploratory Aim 1 
Given the literature supporting the posterior vermis as the main cerebellar region 
involved in emotion processing (Stoodley & Schmahmann, 2009, 2010), we explored the other 
subregions of the posterior vermis in relation to depressive symptom severity. Together with VI 
and VII, regions VIII and IX come together to form the posterior region of the cerebellum. 
Additionally, vermal crus I has been implicated in studies of emotion processing and treatment-
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resistant depression (Machino et al., 2014; Stoodley & Schmahmann, 2009). Given the 
prominent role of the vermis in relation to mood and emotion processing, the structural volumes 
of vermal VIII, IX, and crus I regions were examined in relation to total depressive symptom 
severity. 
1.8.4 Exploratory Aim 2 
The literature supports examining symptom dimensions to uncover more subtle 
relationships between mood disorders and structural brain volumes. Thus, we examined whether 
the depressed mood, somatic symptoms, and lack of positive affect subscales of a depression 
measure were able to predict the gray matter volumes of vermal regions VIII, IX and crus I.  
1.8.5 Exploratory Aim 3 
Since we did not expect the anterior cerebellum to have a relationship with depressive 
symptoms, the anterior cerebellum was used as a control region to determine whether SubD is 
specifically related to the posterior cerebellum or more generally associated with the cerebellum. 
Analyses were performed associating the anterior cerebellum (bilateral lobules I-IV) with both 
total depressive symptoms and the depressed mood, somatic symptoms, and lack of positive 
affect subscales of the depression measure.  
2 METHODS 
 Secondary data analysis was performed on data previously collected in the Cognitive 
Neuroscience of Aging and Depression lab at the University of Florida.  
2.1 Participants 
Thirty-eight healthy adults from the community aged 51 to 80 years old were recruited 
from the University of Florida and the surrounding community. See Table 2.1 for a description 
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of the sample characteristics. All participants included in this study were native English 
speakers, right-handed, had normal or corrected-to-normal vision, and had nine or more years of 
education. Exclusion criteria included evidence of dementia per the Telephone Interview for 
Cognitive Status (Brandt, Spencer, & Folstein, 1988), self-report of major or unstable medical 
conditions, neurological disorders including seizure and stroke, learning disorders, current use of 
antiepileptic or antipsychotic medication, and magnetic resonance imaging (MRI) 
contraindications. Additionally, any participants that met criteria for a major psychological 
disorder as measured by the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-
IV; First, Spitzer, Gibbon, & Williams, 2002) were excluded from the study. All participants 
provided written and verbal consent to participation in the study consistent with the University of 
Florida’s IRB guidelines.  
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Table 2.1 Sample Characteristics 
 
 Mean s.d. Observed 
range 
Possible 
range 
Age (years) 67.92 6.94 51-80 – 
Education (years) 15.32 2.64 10-20 – 
Sex (% female) 74 .446 – – 
Total Intracranial Volume 
(mm3) 
1314629.13 120797.80 1062503- 
1569711 
– 
Ethnicity      
           African-American (%) 5 – – – 
           Caucasian (%) 95 – – – 
     
CES-D Total Score 5.50 4.97 0-19 0-60 
CES-D Subscales     
  Depressed mood .84 1.44 0-6 0-21 
  Somatic 1.97 2.41 0-10 0-12 
  Lack of positive affect 1.47 2.08 0-9 0-21 
  Interpersonal 
difficulties* 
1.21 1.68 0-6 0-6 
       
Cognitive Status**     
            MMSE (n = 17) 29.41 .712 28-30 0-30 
            TICS (n = 14) 36.07 2.09 33-40 0-41 
            MoCA (n = 7) 27.14 2.12 25-30 0-30 
     
Medical Comorbidities      
  Hypertension (%) 39.5 – – – 
  Hyperlipidemia (%) 21.1 – – – 
  Diabetes (%) 0 – – – 
Any Cardiovascular 
Risk (%) *** 
81.6    
Note. CES-D = Center for Epidemiologic Studies Depression Scale. 
* Due to the limited distribution of this subscale it was not included in the main analyses. 
** This data is comprised of participants combined from three studies which used three 
different measures of cognitive status: the Folstein Mini-Mental State Exam (>24 = 
healthy), the Telephone Interview for Cognitive Status (>30 = healthy), and the Montreal 
Cognitive Assessment (>23 = healthy). 
 ***Cardiovascular Risk includes the presence of any of the following risk factors: smoking, 
hypertension, hyperlipidemia, diabetes, heart disease, or high body mass index 
 
2.2 Measures 
Prior to enrollment, potential participants were screened for eligibility over the phone 
with an IRB-approved screening form, which included information regarding their medical 
history and current medications to rule out exclusionary medical conditions and MRI 
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contraindications. They were administered the Telephone Interview for Cognitive Status, an 11-
item measure which detects dementia with high validity and reliability (Brandt et al., 1988; 
Welsh, Breitner, & Mgruder-Habib, 1993).  
To measure depressive symptoms, participants completed the CES-D, a commonly used 
20-item self-report measure of depressive symptoms with high internal consistency among the 
general population (Cronbach’s  = 0.85). This scale was chosen for its well-documented 
validity in an older adult population (Gellis, 2010; Gomez & McLaren, 2015; Lewinsohn, 
Seeley, Roberts, & Allen, 1997) in addition to its well-replicated four factor structure, which 
includes depressed mood, somatic symptoms, lack of positive affect, and interpersonal 
difficulties (Carleton et al., 2013; Haringsma, Engels, Beekman, & Spinhoven, 2004; Radloff, 
1977). Thus, the CES-D allows us to take a dimensional approach to assessing subthreshold 
depressive symptoms. Continuous measures of CES-D total and subscale scores were used in 
statistical analyses. The interpersonal problems subscale of the CES-D was not used in the 
current analyses due to the limited distribution of scores in this sample (most scores were 0). 
A subset of participants was also administered a neuropsychological battery focusing on 
measures of memory and executive functioning; however, cognitive test scores will not be 
included in the current project. 
2.3 Imaging Procedure 
Magnetic resonance imaging (MRI) data were acquired at the University of Florida’s 
McKnight Brain Institute on a Philips (Amsterdam, The Netherlands) 3-T scanner using an 8-
channel head coil. Structural images were acquired using a T1-weighted turbo field echo high-
resolution three-dimensional anatomical scan with 170 1-mm slices in sagittal orientation 
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(repetition time = 28.1 ms; echo time = 3.7 ms; flip angle = 8°). Foam padding was used within 
the head coil to minimize motion within the scanner.  
2.4 Imaging Analysis 
Pre-processing of the images occurred within Statistical Parameter Mapping (SPM) 
Version 8 in MATLAB. Preprocessing included the conversion of each image from DICOM to 
NIfTI files using MRICron, and then manually inspecting images for quality using FSL View. 
The isolation, normalization, and segmentation steps of processing the images took place within 
the Spatially Unbiased Infratentorial Template (SUIT) Toolbox, which operates within SPM 
Version 8 in MATLAB (Diedrichsen, 2006). The SUIT toolbox is available to download freely 
online (http://www.diedrichsenlab.org/imaging/suit_download.htm). Briefly, processing included 
motion correction, skull stripping, and segmentation of the gray and white matter tissue. Once 
the images were segmented, a high-resolution, spatially unbiased atlas template of the 
cerebellum and brainstem within SUIT was used to define regions of interest within the 
cerebellar lobules (Diedrichsen, 2006; Diedrichsen et al., 2009; Diedrichsen et al., 2011; 
Diedrichsen & Zotow, 2015). Analyses will focus on vermal regions VI and VII.  
2.5 Data Analysis 
Statistical analyses were conducted using SPSS Version 24.0 (IBM Corp, 2016). Multiple 
regression analyses were performed using the ratio of cerebellar region of interest volume to total 
intracranial volume as the dependent variable and CES-D scores (total or subscale scores 
depending on the study aim) as the independent variables. All models, including exploratory 
analyses, controlled for sex and age. An alpha ≤ 0.05 was considered significant.  
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2.5.1 Outlier Analysis 
Any individuals with CES-D values > 3 standard deviations from the mean were removed 
from the data analysis. This was to prevent exceptionally high scores from skewing the data or 
driving the results of the analyses. Additionally, any participants with a vermal crus I volume of 
zero and/or multiple other cerebellar regions with volumes of zero were removed from the 
analyses, given that this indicated poor image processing quality. 
2.5.2 Aim 1: Identify whether the gray matter volume of vermal regions VI and VII is 
predicted by depressive symptom severity. 
Two separate multiple regression analyses were conducted, one with the gray matter 
volume of vermal region VI as the outcome variable and one with the gray matter volume of 
vermal region VII as the outcome variable. In each model, the CES-D total score was entered as 
the predictor variable. 
2.5.3 Aim 2: Identify distinct relationships between cerebellar subregions, vermis VI 
and VII, and subthreshold symptom dimensions. 
Separate multiple regression analyses were conducted for cerebellar vermal regions VI 
and VII. In each analysis, CES-D subscale scores for the depressed mood, somatic symptoms, 
and lack of positive affect subscales were entered simultaneously into the model as predictors. 
Across two separate models, gray matter volume for vermal regions VI and VII functioned as the 
outcome variables.  
2.5.4 Exploratory Analysis 1 
Vermal regions of lobules VIII, IX, and crus I were examined in relation to total 
depressive symptom severity using a multiple regression model. The gray matter volumes of 
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vermal regions VIII, IX, and crus I were examined as the outcome variables across three separate 
models. Total CES-D symptom severity functioned as the predictor variable in all analyses.  
2.5.5 Exploratory Analysis 2 
Three multiple regression analyses were run to explore the relationships between vermal 
regions VIII, IX, and crus I and depressive symptoms dimensions. The depressed mood, somatic 
symptoms, and lack of positive affect CES-D subscales were entered simultaneously into each 
model as continuous outcome variables. In each model, the predictor variable was the gray 
matter volume of the cerebellar subregion (vermal VIII, IX, or crus I). 
2.5.6 Exploratory Analysis 3 
A multiple regression analysis was run to examine the relationship between anterior 
cerebellum (lobules I-IV) volume and total depressive symptoms, with total CES-D symptom 
severity as the predictor variable. An additional multiple regression analysis was run to examine 
the relationship between the anterior cerebellum and subscales of the CES-D. With the anterior 
cerebellum functioning as the predictor variable, the depressed mood, somatic symptoms, and 
lack of positive affect CES-D subscales were entered simultaneously into the model as 
continuous outcome variables. 
2.5.7 Power Analysis 
Two post-hoc power analyses were conducted using the program GPower (Erdfelder, 
Faul, & Buchner, 1996) in order to identify the current study’s ability to detect significant 
relationships. With the sample size of 38 participants, the study is adequately powered (1-β = 
.84) to detect a large effect (f = 2.88) at the .05 alpha level when three predictors are included in 
the model, and the study is slightly underpowered (1-β = .74) to detect a large effect ( f  =2.51) at 
the .05 alpha level when five predictors are included in the model. 
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3 RESULTS 
3.1 Aim 1: Identify whether the gray matter volume of vermal regions VI and VII is 
predicted by depressive symptom severity. 
Analyses revealed a positive relationship between total CES-D scores and vermis VI 
volume (β = .378, p < .05, sr32=.139). No significant relationship between vermis VII volume 
and total CES-D scores was detected (see Table 3.1). 
Table 3.1 Results of Regression Analyses: Total CES-D Predicting Cerebellar Volumes  
              Age Sex Total CES-D 
 β t p β t p β t p 
Vermis VI .104 .640 .527 .025 .155 .878 .378 2.348 .025* 
Vermis VII -.044 -.261 .796 -.053 -.316 .754 .227 1.346 .187 
Vermis VIII -.331 -2.137 .040* .017 .113 .910 .276 1.793 .082 
Vermis IX -.208 -1.262 .215 -.035 -.212 .833 2.39 1.462 .153 
Vermis Crus 
I 
.176 1.025 .313 .126 .743 .463 -.017 -.100 .921 
Anterior CB -.191 -1.222 .230 .313 2.031 .050* .210 1.357 .184 
Note. * = p < .05, ** = p < .01 
3.2 Aim 2: Identify distinct relationships between cerebellar subregions, vermis VI and 
VII, and subthreshold symptom dimensions. 
We observed a positive relationship between somatic symptom subscale scores and 
vermis VI volume (β = .389, p <.05, sr42= .113). No other subscales were significantly related to 
vermis VI volumes. Additionally, there were no significant relationships detected between 
vermis VII volume and CES-D subscales (see Table 3.2).  
3.3 Exploratory Analysis 1. 
Total CES-D score did not significantly predict vermis VIII, IX, or crus I volumes (see 
Table 3.1); however, age significantly predicted vermis VIII volume (β = -.331, p < .05, sr32 = 
.118). 
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3.4 Exploratory Analysis 2. 
Analyses revealed a positive relationship between the lack of positive affect subscale 
scores and vermis VIII volume (β = .527, p < .01, sr42 = .248). No other significant relationships 
were found between Vermis VIII, Vermis IX, or Vermis Crus I volumes and CES-D subscales 
(see Table 3.2). 
3.5 Exploratory Analysis 3. 
The anterior cerebellum was not significantly related to total CES-D scores (see Table 
3.1); however, sex significantly predicted anterior cerebellum volume (β = .313, p = .05, sr32 = 
.097) in this model. Additionally, the anterior cerebellum did not have a significant relationship 
with any subscale of the CES-D (see Table 3.2), but sex significantly predicted anterior 
cerebellum volume (β = .351, p < .05, sr42 = .119) in this model. 
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Table 3.2 Results of Regression Analyses: CES-D Subscales Predicting Cerebellar Volumes 
 Age Sex Depressed Mood Somatic Symptoms Lack of Positive Affect 
 β t p β t p β t p β t p β t p 
Vermis VI .070 .409 .686 .045 .278 .783 .040 .213 .833 .389 2.094 .044* .037 .215 .831 
Vermis VII -
.020 
-.110 .913 -.055 -.313 .756 -.112 -.553 .584 .171 .859 .397 .137 .751 .458 
Vermis VIII -
.283 
-
1.924 
.063 .029 .208 .836 -.017 -.107 .915 -.138 -.866 .393 .527 3.614 .001** 
Vermis IX -
.253 
-
1.468 
.152 -.016 -.099 .922 .082 .433 .668 .297 1.595 .121 -.061 -.358 .723 
Vermis Crus 
I 
.128 .711 .482 .127 .737 .467 .072 .361 .720 .067 .343 .734 -.216 -1.209 .236 
Anterior CB -
.234 
-
1.478 
.149 .351 2.325 .027* .262 1.500 .144 -.059 -.345 .732 .254 1.618 .115 
Note. * = p < .05, ** = p < .01 
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4 DISCUSSION 
Over the past couple of decades, the posterior cerebellum, particularly the vermis, has 
been implicated in emotion processing (Habas et al., 2009; Stoodley & Schmahmann, 2009; 
Strick et al., 2009). Thus, the present study investigated the relationship between symptom 
dimensions of depression and subregions of the cerebellum in older adults with SubD. Broadly, 
results from our analyses indicate that the relationship between regions of the vermis and 
depressive symptoms differs depending on the types of depressive symptoms experienced by the 
participant. Given these findings, our hypotheses were partially supported.  
We hypothesized that overall depressive symptom severity would be negatively related to 
both vermal region VI and VII volumes. Additionally, we hypothesized that vermis VI and VII 
would have distinctly different relationships with symptom dimensions of depression, as 
measured by subscales of our depression measure. Analyses revealed that total depressive 
symptoms were indeed associated with vermis VI volumes, but we observed larger rather than 
smaller volumes as a function of higher depressive symptoms. No relationship was found 
between vermis VII and total depressive symptoms. Analysis of the somatic symptoms, 
depressed mood, and lack of positive affect subscales suggested that this relationship was mostly 
driven by the somatic symptom subscale, as this was the only significant subscale in the 
regression model. Additionally, our exploratory analyses identified a positive relationship 
between vermis VIII volume and the lack of positive affect subscale scores. Thus, our hypothesis 
that regions of the vermis would have distinct relationships with depressive symptom subtypes 
was supported. 
Given the consistent evidence to support the role of vermis VI in emotion processing 
(Depping et al., 2018; Habas et al., 2009; Stoodley & Schmahmann, 2009, 2018), it is not 
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surprising that our analyses found a relationship between vermis VI volume and total depressive 
symptom severity. In fact,  Habas et al. (2009) have gone so far as to suggest that the vermis VI 
region of the cerebellum has a modulatory role in the subcortical aspects of the salience network, 
an intrinsic connectivity network disrupted in individuals with depression. The salience network 
is comprised of the dorsal anterior cingulate cortex, frontoinsular cortex, amygdala, and ventral 
striatum, and is responsible for the bottom-up detection of salient events as well as for 
facilitating attentional and executive resources when salient events are detected (for a review, see 
Wang, Ongur, Auerbach, & Yao, 2016). This network is important for depression because it 
facilitates experiences of pain and pleasure, and also determines the importance of both internal 
and external stimuli in order to guide behavior (Seeley et al., 2007). 
Emerging evidence also supports that a major role of the salience network is to switch 
between the default mode and central executive networks, and that this switching capability is 
impaired in individuals with MDD (Sliz & Hayley, 2012; Wang et al., 2016). Additionally, the 
abnormal switching function of the salience network is related to the negative response bias in 
depression, which has been identified as a cognitive vulnerability of depression (Wang et al., 
2016). Vermis VI has been found to be functionally involved in the salience network (Habas et 
al., 2009), and has been hypothesized to be recruited during primary emotion processing as well 
(Leggio & Olivito, 2018). Thus, the relationship between vermis VI and total depressive 
symptoms identified in the present study is consistent with the literature. Our additional finding 
that somatic symptoms were positively related to vermis VI adds to our understanding of this 
complex relationship between depressive symptoms and the cerebellar vermis. Given the 
heterogenous nature of the CES-D somatic symptoms subscale, which includes questions about 
apathy (e.g. “I could not get going”) and cognitive symptoms (e.g. “I had trouble keeping my 
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mind on what I was doing”), in addition to somatic complaints (e.g. “I did not feel like eating”), 
more research is needed to determine the vermis VI’s involvement in this particular cluster of 
symptoms.   
The finding that the CES-D lack of positive affect subscale, which grossly measures 
symptoms related to anhedonia, is associated with larger vermis VIII volumes may in part be 
explained by vermis VIII’s functional connections to the amygdala (Depping et al., 2018; Leggio 
& Olivito, 2018; Sang et al., 2012). The amygdala is intimately related to depression through its 
role in both the affective/frontolimbic network, which is dysregulated in late-life depression 
(Tadayonnejad & Ajilore, 2014), as well as its role in the reward system, which has been found 
to be disrupted in patients with MDD (Gong et al., 2017). This is important, given that anhedonia 
can be characterized as dysfunction in the reward system leading to reduced emotional response 
to pleasurable events as well as a lack of engagement in goal-related behaviors (Hoflich, 
Michenthaler, Kasper, & Lanzenberger, 2019). In individuals with major depression, the 
amygdala has been shown to decrease the responsiveness of the reward (i.e., dopamine) system 
(Belujon & Grace, 2017), as well as have reduced intrinsic connectivity to the cerebellum 
(Ramasubbu et al., 2014).The amygdala has also been related to apathy, which is distinct from 
but related to anhedonia. For example, a study of depressed individuals with apathetic symptoms 
found reduced functional connectivity between the nucleus accumbens and the amygdala 
compared to depressed, non-apathetic patients (Alexopoulos et al., 2013b). Future research 
should explore the link between vermis VIII, anhedonia, and the amygdala.   
While the bulk of the literature has identified smaller cerebellar volumes in relation to 
greater levels of depression, other brain regions have demonstrated a positive relationship 
between volume and depression. Higher levels of CES-D depressed mood subscale scores were 
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found to be related to larger volumes in the left posterior cingulate (McLaren et al., 2016) and 
left inferior temporal lobe (McLaren et al., 2017) among older adults with SubD. Additionally, 
greater volume in the left temporal lobe has also been associated with higher depressive 
symptoms (Ballmaier et al., 2004), as has increased volume in the middle temporal gyrus 
(Szymkowicz et al., 2016). Greater cortical thickness has also been identified in relation to 
depressive symptoms in both the dorsolateral prefrontal and anterior cingulate cortices (Dotson 
et al., 2015). Additionally, larger bilateral hippocampal regions (Bearden et al., 2009) as well as 
larger total hippocampal volumes (J. L. Phillips, Batten, Tremblay, Aldosary, & Blier, 2015) 
have been identified in adults with MDD. Perhaps most relevant to the current study, a study of 
patients experiencing an acute major depressive episode revealed that regardless of medication 
status, those experiencing MDD had larger left cerebellar lobule IX volumes than controls 
(Depping et al., 2016). Previous work from our lab has also indicated that greater total 
depression scores are associated with larger vermal VI and VII volumes in a small pilot sample 
(Michalak, King, Turner, Semmel, & Dotson, 2019). Thus, the positive relationships that the 
present study found between vermal volumes and depressive symptoms is not entirely 
unexpected. 
The significance of larger vermal volumes in relation to depressive symptoms remains 
unclear. Some researchers have discussed the role of “inflammaging,” or the concept that aging 
is characterized by chronic, low-level inflammation (Franceschi & Campisi, 2014), and believe 
that this could be an underlying mechanism of depression in older adults (Alexopoulos & 
Morimoto, 2011). In support of this hypothesis, a meta-analysis by Dowlati et al. (2010) 
confirmed the presence of higher concentrations of proinflammatory cytokines in depressed 
participants compared to controls, which provides further evidence that the inflammatory 
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response system is activated among depressed individuals. The researchers hypothesized that 
inflammation in the hippocampus in particular may be a precursor to the smaller hippocampal 
volumes identified in depressed individuals as the disease progresses.  Other research suggests 
that early stages of depression are associated with increased brain volume, possibly due to the 
increased metabolic activity and enhanced cerebral blood flow that occurs early on in the illness, 
which may then be responsible for volume loss at later stages of depression (Frodl et al., 2003). 
Thus, it is possible that inflammation is linked to increased brain volume seen in early 
stages of depression.  The present study’s findings of larger vermis VI and VIII volumes in 
relation to higher depressive symptom load among older adults with SubD appears to provide 
support for this inflammation hypothesis of depression. Given that these findings were identified 
within a sample of adults with SubD, it is possible that our findings of larger vermis volumes, 
potentially due to inflammation, are precursors of the decreased volume that may occur as these 
individuals progress to major depression (Dowlati et al., 2010). Longitudinal research is needed 
to identify the changes in the brain that occur as older individuals progress from SubD to MDD.   
The findings of the present study also support that there are unique relationships between 
symptom dimensions of depression and areas of the cerebellum. Given that the present study was 
sufficiently powered to detect only a large effect, the findings described in this article are robust.  
Importantly, the significant relationship between vermis VIII and the lack of positive affect 
subscale in the absence of a relationship between vermis VIII and total depressive symptom 
scores, supports that examining total depressive symptoms can obscure subtle relationships 
between symptom types and the brain. The present study also provides further evidence that the 
posterior vermis has a relationship with depression, even within a population with only 
28 
 
subthreshold depressive symptoms. Finally, these results add to our understanding of the neural 
correlates of SubD in an aging population.  
 These findings become significant when examined within the context of research 
identifying treatment profiles for depression with distinct etiologies. In particular, 
neurobiological markers of depression have been linked to types of depressive symptoms and the 
causes and consequences of depression have been shown to be different based on these 
symptomatic and neurobiological profiles. For example, a randomized controlled trial of a 
physical activity intervention in adults aged 70 to 89 years old found that treatment efficacy of 
the intervention on depressive symptoms varied by symptom type, sex and genotype (Dotson et 
al., 2016). Men who participated in the physical activity intervention, particularly men with the 
BDNF Met allele, experienced more decreases in somatic depressive symptoms compared to all 
other groups, while in comparison to women, men also experienced greater reductions in 
anhedonic symptoms of depression (Dotson et al., 2016).  
Additionally, faster rates of symptom improvement in a trial of fluoxetine treatment were 
experienced by individuals with greater anterior cingulate cortex volume and functional 
activation at baseline (Chen et al., 2007). Increased anterior cingulate cortex activity in response 
to fearful faces pre-treatment has also been found to predict antidepressant response to ketamine 
(Salvadore et al., 2009). Likewise, distinct symptomatic and biological profiles have been found 
to affect transcranial magnetic stimulation treatment efficacy. In a study of medication treatment-
resistant individuals with MDD, higher baseline anhedonia and lower connectivity in the classic 
reward pathway was predictive of a reduced treatment response (Downar et al., 2014). Thus, 
these studies point to the importance of identifying potential biomarkers of depression in order to 
inform treatment efficacy.  
29 
 
Given the current lack of effective treatment for late-life depression, it is important to 
examine the different etiologies of depression in order to develop a more precise understanding 
of how SubD symptoms interact with the brain. The present study indicates that specific areas of 
the cerebellar vermis are related to distinct symptoms of SubD. Given the heterogeneity of 
depressive symptomology, by identifying the neurobiological differences that underlie symptom 
profiles in depression, the field will become closer to developing effective, targeted treatments 
for individuals with depression.  
4.1 Limitations 
The present study is not without limitations. Given the small size of the sample, the study 
is powered only to detect a large effect. Additionally, the sample is highly educated, highly 
female, and highly Caucasian. In this way, our sample lacks generalizability and requires 
replication in a larger, more diverse community sample in order to better understand the 
relationship between the cerebellar vermis and dimensions of depression. Our sample also 
consisted of late-middle to older-aged adults. For a better understanding of the specific 
relationship between cerebellar volumes and symptoms of depression in late life, future research 
should be conducted with a more homogenous sample of adults specifically 65 years of age and 
older. Future research should also extend the present research question to individuals 
experiencing greater depressive symptom severity, given that this sample consisted of adults 
with SubD.  
4.2 Conclusion 
This study identified positive relationships between total depressive symptom severity 
and vermis VI volume, somatic symptom subscale severity and vermis VI volume, and lack of 
positive affect subscale severity and vermis VIII volume. These findings are important in that 
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they add to the literature identifying neurobiological correlates of depressive symptom 
dimensions, as well as provide further evidence for the role of the posterior vermis in depression 
specifically, and, more broadly, mood. By gaining a more precise understanding of the 
neurobiological correlates of depressive symptom profiles, these results may inform future 
targeted treatments for depression.  
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Figure 1. Aim 1 Regression Analyses. 
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Figure 2. Aim 2 Regression Analyses. 
